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PART I 

RALA PROCESS RESEARCH 

cm-io-io 

SUmARY; 

Seven major processes have been investigated for the chemical 

preparation of RaLa sources. These investigations have found five 

methods satisfactory and tvra methods ^ansatisfactory, as follovjs: 

1. Processes satisfactory on a tracer scale. 

a. Precipitation of Ba(N0o)2 • 2H2O v;ith fuming 
HI-JOQ, leaving La in solutionj followed by di~ 
lutlon of the solution and pptn. as fluoride. 

b. Precipitation of LaFo in a solution about 
1.5 N in HKO3 and 4 E in HF, leaving Ba in 
solution. 

c. Precipitation of La (OH) 3 twice with IJĤ OH, 
leaving Ba in solution, followed by conversion 
of the La(0H)3 precipitate to LaFo by metathesis. 

d. Extraction of La with 0.5 molar TTA-in benzene 
solution, leaving Ba in the aqueous fhase, fol
lowed by precipitation of the La as fluoride. 

e. Elution of La from a resin column with ammoni\am 
citrate at pH 3, so that Ba is retained on the 
column, followed by precipitation of laFo. 

2. Processes -unsatisfactory on a tracer scale. 

a. Precipitation of LaPOi from a buffered aimonium 
phosphate solution was abandoned because of ex
cessive barium carry and bulk of precipitate. 

b. Exchange of La vjith a suspension of SrF^ to 
give a precipitate of LaFo vra.s unsatisfactory 
because of the colloidal nature of the precipi
tate, which could neither be filtered nQr^wj^ CANCElltO 
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Preparations are under v/ay for testing the satisfactory methods 

at radiation levels up to 100 curies. 

A. STUDY OF PHOSPHATE AITO STRONTIUM FLUORIDE LSTHODS - Zeltmann 

1. Strontivun Fluoride Î ethod 

In previous research it appeared that it would be feasible to 

separate lanthanum from barium by stirring an acid solution of the 

two ions with a sparingly soluble salt such as strontium fluoride. 

The choice of strontium fluoride is not completely arbitrary. It 

is chosen because in the solution used the solubility of strontium 

fluoride is intermediate between the solubilities of barium fluor

ide and lanthanum fluoride. The dissolved strontium fluoride sup

plies sufficient fluoride ions to precipitate the more insoluble lan

thanum fluoride while leaving the barium in solution. 

At the time the process appeared promising it was expected that 

only 2500 curies ( 4*5 mg. La**^) would be involved. Hov/ever, pre

sent plans are for 10,000 curies (18 mg. Isi***). This alteration 

in capacity has changed conditions sufficiently so that the process 

no longer appears worthvjhile. 

It wa-s previously planned that separation would be accomplished 

by filtration and with only 4.5 mgs. of La^"^^ as LaFo it was possible 

to filter within about a half hour. V/ith the larger amount of LaFo 

however, the filter clogs and filtration times are sometimes infin

ite. No suaount of filter aid appears to speed up the filtration. 

As an alternative, centrifugation was tried as a means of separa

tion. This too was ineffective as the particles of LaF^ appear to 

be almost colloidal in size so that they remain suspended and vjill-,«ri i rn 
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not centrifuge down. This fact appears to be the cause of the 

clogging of the filters also. 

Attempts were made to coagulate or scavenge the LaFo but with

out success. At present this method of precipitation of LaFo is not 

usable. This does not obviate other methods of precipitating LaFo 

as it is knoivn that filterable and centrificable precipitates of 

LaFo can be formed in other v;ays. 

2. Lanthaniim Phosphate Method 

A method which TKIS at one time used in Bayo Canyon to separate ^ 

lanthanum and barium was to precipitate lantnan\im as LaPO^ from a 

buffered phosphate solution. 

Experiments made recently to determine whether it vrould be 

feasible to use the phosphate metnod as a portion of the process did 

not disclose any advantages, while two disadvantages were discovered, 

namely, high barium carriage and excessive bulk of precipitate. The 

yields attained in the process were all over ^Qt/o so that this did 

not offer serious difficulty. 

A I M solution of KH, H^ PO. also 1 M in HoPO, was used as a 

buffer; the pH was adjusted to desired values with IJHiOH. 

Preliminary experiments to determine the optimum molarity of 

buffer solution showed that the yields observed were almost completely 

independent of the molarity of buffer. 

In the presence of impurities such as exist in the Ra-La soup 

(e.g. Pb, Cr, Fe, Sr, Ni), the pH required is higher than if the lan

thanum is precipitated from a pure lanthanum solution. Lanthanum 

precipitates quantitatively as phosphate from a buffered phosphate 

solution at a pH of 1.85. Results obtained ""'" 
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a t^jpical amoimt of impurit ies are as follows: 

pH % La Precipi ta ted as LaPO^ 

1.5 50f» 

1.8 65^ 

2 .1 8&fo 

2.4 98^ 

It was evident from the above results that in a solution con

taining impurities the pH must be maintained at 2.4 or higher. 

An experiment performed to determine barium carriage gave the 

following results: 

£H 

2.4 

2.7 

2.8 

3.0 

3 .1 

3.2 

i La Yield 

98. 

97.5 

100. 

96.8 

97.1 

94.1 

fc Ba carr ied 

2.40 

2.84 

1.62 

14.1 

21.5 

43.0 

In order to cut dovm barium carriage an experiment was performed 

in which LaoPO, was precipitated and the supernate decanted. The 

precipitation was then repeated twice more. The results obtained 

•were as follows: 

j ^ % La Yield % Barium Carried 

2,4 90.6 0.95% 

2.6 92.1 1.54% 

2.8 96.0 1.54% 

3.0 92.4 2.2:̂ . 
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Conclusions which may be drawn from the previous experiment 

are that: 

1. It is unlikely that the barium carriage may be reduced far 

below l̂B whereas it is desired that barium carriage be held to 0.1%. 

2. tVith successive precipitations the actual percentage yield 

of lanthanum decreases. 

3. V/ith a typical amount of impurities the bvilk of precipitate 

did not pack down beyond a volume of 1.5 cm-̂ , vjhereas 0.1 cm^ is a 

more desirable volume. ^ 

It is interesting to note that while this process was once a 

feasible method it no longer can be considered as such. Previously 

the difficulty with this method wS,s filtration times. This has since 

been eliminated by use of centrifugation. Now the fact that more ac

tive sources will be used required the barium carriage to be lovjer 

in order that firing site contamination will at worst be no higher. 

Further, while the bulk of lanthanum and impurities must be increased 

3 
by a larger source the specification for voliime limits us to 0.1 cm . 

B. STUDY OF NITRIC ACID AND HCl LETH0D3 AND Di;TK-J.IILATIOK OF 
EXTPJiCTIOL' COEFFICIEI'ITS wlTH TTA-BSN2EI-JE - Suttle 

Three methods of separating Ba from La were studied: 

(1) The filming nitric acid method 

(2) The concentrated hydrochloric acid method 

(3) The complexing method using TTA (thenoyltrifluoracetone) 

1. The Fuming Nitric Acid Method 

The following general procedure was used: One ml. of tracer 

(Ba-La mixture) was Dlaced in a 15-ml. centrifuge tube. To this v.-aŝ . 

added varying amounts of barium carrier and laî !tBawA'VS!r4>ien. if̂ 'i'̂ tS 

ing nitric acid either chilled or at room temperature was added to 
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make the final volume about 12-13 ml. The mixture was stirred at 

high speeds for approximately one minute using an Eastern Model 1 

variable speed motor and a platinxm spiral stirrer. The addition 

of the nitric acid immediately produced a iî ite precipitate. Af

ter stirring, the mixture was centrifuged for approximately one min

ute, tshen the centrifuge came to rest 2.3 mg. Ba*'*(l drop) was 

added and the mixture centrifuged again for about one minute. The 

liquid above the precipitate was decanted into a counting bottle and 

10 ml. of fresh fuming nitric acid added to the centrifuge tube. Th^ 

precipitate was mixed with the nitric acid by means of the stirrer 

previously mentioned. After approximately one minute the mixture was 

centrifuged and then the supernatant liqiiid was poured into the same 

counting bottle. The liquid in the counting bottle was made up to 

35 ml. by the adaition of distilled water. 

The variables that were changed from run to run were as follows: 

(a) Amount of barium carrier 

(b) Amount of lanthanum carrier 

(c) Temperature of all solutions used 

(d) The addition of impurities that might be foiind at one 
time or another in the active mixture 

(e) Increase in volume of operation 

On some runs the barium nitrate precipitate was dissolved in distilled 

water and the solution counted. Usually, the precipitate was discard

ed. A standard was always counted with the sample. The standard 

consisted of 1 ml. of activity added to the counting bottle and made 

up to 35 ml. The calculation of the lanthanum extracted involved di

viding the count from the standard into the count r̂ h|̂ 4Ĥ /\T10f̂  CANCELLED 

s ^ p i e . PER DOC REVIEW JAN. 1973 
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In the accompanying tables the yields of lanthanum reported are 

not corrected for the effect of radio barium. One rni l l icurie of 

B a ^ w i l l remain in equilibrium with 1.155 mi l l i cu r i e s of La-^ 

(\ _Y ' • '^^^ weak garaiaa rays from Ba-^^ vdl l count in the apparatus 
T i p 

used with 5.19̂ ^ of the efficiency of those from La , (as described 

elsevrfiere in this report). Hence 95.7% of the counts recorded from 

an equilibrium mixture will be due to La. In the results reported, 

an apparent yield of 95.7% would represent complete recovery of the 

lanthanum, provided the barixmi present was small. ^ 

2. The "Concentrated Hydrochloric Acid L'ethod 

The procedure followed in this method was essentially the same 

as that followed in the nitric acid method with only the substitution 

of hydrochloric acid in place of nitric acid. All nins were chilled 

vdth an ice bath. 

3. Extraction of Lanthanum with TTA 

The activity was started in the aqueous phase. The aqueous 

phase was .1 II in KCl and very small amounts of KOH and HGl were used 

when it was desirable to vary the pH. The TTA v/as .2 U in benzene in 

all cases except one vjhen it was .5 Ĵ. A ratio of 10 to 1 benzene 

phase over aqueous phase was used. Prolonged violent stirring action 

was found to be necessary. 

The following table gives the results obtained up to this time. 

No correction for barium in either phase has been made yet. 

3 HT +La"^^* 5=i LaT^ + 3H"'" 

Ta s U-̂ -'-BJ L" J ^ TMhere quantities in brackets are activities. 

"̂'̂ ' f"""̂  riBSSinCATONCANCEllEO 
pSoCREVlEW JAN. 1973 
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TYPICAL EXPERIMElilTS V«ITH SOLVENT EXTRACTION 

Sang^le 
No. 

82 
8 1 
83 
86 
80 
69 
70 
72 
79 
87 
71 
75 
74 
73 
77 
76 
88 

pH 

3 .30 
3 .40 
3 . 5 1 
3 .56 
3 .79 
3 .82 
3 .94 
4 .02 
4 .02 
4 . 1 8 
4 .19 
4 .62 
4 .64 
4 .66 
4 .83 
5.05 
5.39 

Lag 

^ A 

.046 

.0043 

.0056 
,0089 
,055 
.0705 
,0964 
,1783 
.1307 
.346 
.264 

1.191 
.9548 

1.124 
1.237 
1.278 
1.62 

(F igure I ) 

KLa 

3 .80 X 10"-^° 
2 .38 X 10-10 
1.43 X 10-10 
1.62 X 1 0 - ^ 
2 .04 X 10-10 
2 .12 X 10"-^^ 
1.26 X 10-10 
1.35 X 10-10 
9 ,9 X 10-11^ 
8.69 X l O - H 
6.19 X l O - H 
1.43 X 10-11 
1.01 X 10-11 
1.02 X 10-11 
3.48 X 10-ef 
7 .86 X 10--^2 
9.5 X 10-14 

Mola r i t y 
TTA 

.5 

. 2 

. 2 
,2 
.2 . 
. 2 
. 2 
. 2 
, 2 
.2 
. 2 
.2 
.2 
. 2 
.2 
,2 
, 2 

S t i r r i n g 
Time 

30 min. 
30 min. 
30 min. 
30 min. 
30 min. 
15 min. 
15 min. 
15 min. 
30 min. 
30 min. 
15 min. 
30 min. 
15 min. 
15 min. 
30 min. 
30 min. 
30 min. 

ClASSmCATlON CANCEllEO 
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Figure II 

TYPICAL EXPEREfENTS WITH NITRIC ACID PROCESS 

Sample 
No. 

Counts 
per minute 

Standard 
c/m 

Ba Carrier 
2.3 mg. Ba'̂ '̂  
scavenger 

La 
Carrier 

Temp, of 
HNO3 and 
other sol. 
used 

Impurities 
1 ml. contains 
5 rag.Cr"^*"*,10 mg 
Nc*'̂ ,2 mg.Sr^*, 
32 mg.Ce»^,5 mg.Fê  ,̂ Kpb** 

% La in 
sample 
95.7% is 
[naximum 
possible 

Calc. of Ba 
carriage by 
other methods 
I, II, or 
III 

14 o 5748 6028 4.6 mg. 15 mg. Chilled 95.3 I 10.15% 

m m. 30 
15(^03)2 pp -, dissol ' •V'L 

Chilled 
iQ and coun .ed »5.7fo 

91.2 I negligible 

^ 26 

CO 
9386 10252 90 mg. 10 mg. Chilled 1/2 ml. 91.5 I negligible 

28 

m — 
O Ai 

9826 10211 90 mg. 10 rag. Chilled 1ml. 96,2 I neg, 
II neg,-2.5 

8427 8992 90 mg. 10 mg. Chilled 1 ml. So mg. 93.7 II 1.91%, 1.08 

r.\ 

• ' , 

46 
46A 

7316 
500 

7903 
7903 

90 mg. 
Ba(N03)2 
ppt dissolv 

10 mg. 

d and 

Room temp, 

coijinted * 6.3 

1 ml. So mg. 92.6 I I 2.2%,.98% 

I I I .6% 

47 
47A 
Total 
48 
48A 

j : a 

o7556 
C 4 6 7 

7868 
7903 

i^ 

:a. 

ae xncrea 
^ 3 3 2 
^ 8 5 2 

:ed to 75 ml 
29473 
29701 

90 mg. 
Ba(NO^)^ pp 

10 mg. 
disso Ivod 

Room temp, 
and coun 

1 ml. 
.edBr5.9 

96.0 

Total •'^me increa led to 200 
12670 
encountered 

12299 

m th i s run 
500 mg. 

Ba(N0.:̂ )2 PP-

20 mg. Chilled 5 ml. 
dissolv-Jd and coun.eds 6.2% 

92.7 

in this 
500 mg. 
in removing 

Ba(N03)2 

II L02%, .39% 

n .405% 

49 

49A 

m.. rui 

^ l^f iculty 

^ ^ 1 1 ppt 

20 mg. 

Dpt from 

dissolv 

Chilled 

lolution 

id and counjted 

5 ml. 

'9.3% 

87.4 I I .23% 

61 29 U260 90 mg. 10 mg. Chilled 1 ml. 93.5 I negligible 
II negligible 
III negligible 



Sample 
No. 

57 
57A 

58 
58A 

59 
59A 

62 
TO 

1 
1 63 

.-...« 
''-~. 

l̂  

C/̂  d coJJ 
=::0 

Counts per min
ute - sample 

19878 
943 

19238 
1040 

19468 
1030 

16928 

17540 

r? P So ̂  
O CO 

51 

si 
MO 

Fip ',ure III 

TYPICAL EXPERIMENTS V.TTH HYDROCHLORIC ACID PROCESS 

c/m 
standard 

21032 
21191 

20405 
20405 

20357 
20357 

18027 

17917 

,, 

Ba carrier 
plus 2.3 mg. 
Ba •*"*• scaven
ger 

50 mg. 
BaClp ppt d: 

89 nig. 
BaCl2 ppfc d: 

128 mg. 
BaClg ppt d; 

90 mg. 
5 to 1 HCl \ 

90 mg. 
no ether 

Tfl 
Carrier 

10 mg. 

Impurities 
1 cc.contains 
5 mg.Cr+**;lO mg. 
Nc**j2 mg.Sr*+;32 
mg.Ce***;5 mg.Fe*^* 

1 ml. 
.ssolved aid counted*4.5% 

10 mg. 1ml. 
ssolved aid counted* 5.1% 

10 rag. 1 ml. 
ssolved aid counted •» 5.1% 

10 rag. 
0 ether 

10 rag. 

1 ml. 

1 ml. 

1 ' 

• 

% La in 
sample 
95.7% is 
mayimxim 
possible 

94.5 

94.3 

95.6 

93.9 

97.9 

r 

Calculation of 
Ba carriage 
by other methods 
I, II, or 
III 

II 13.02%, 14.82 
III U.66% 

II 7.01%, 6.91^0 

, 

, 14.91 

II 18.45%, U.52% 
III 16.2% 

I negligible 
II negligible 
III 2.17% 

I negligible 
II 2.17% 
III 3.00% d 

^ i 
^ / r" / 
^1 
m 
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Activity = (CHT) ( • ^ ) : 

when C^j .2 L', ^= .89 

HT * 5 ^ > '' ~ • 82 

v;hen ionic strength ~ .1, a for La » .18 

}r for LaTo assumed equal to 3^for HT 

TH 7 taken from pH measurement 

4. Determination of Barium Carry 

Barium carriage was determined by three different methods fur

nished by Al Zeltmann. These vdll be referred to as method I, meth-^ 

od II, and method III. 

L'ethod I 

Co = Ba ko (1-A^ t) •<'La(l-Ajf)v- ^ ^ ^ Ba(A^-/\) t 

This equation can be set up to resemble the general expression for 

a straight line, 

y a. b -^mx 

Co « [koBa -f La] ̂  K\^-A, j koBa - A ^ LaJ t 

Go • counts of 3a after separation 

ko = efficiency of counting Ba 

/\̂  » La decay constant La - relative La activity 

A, » Ba decay constant Ba «• relative Ba activity 

/ • time in hours 

A number of counts of the sample are cade in a short period • '. 

of time so that the approximation (/ —A f") can be used in place of 

e"^/ . These counts are plotted against time linearly. The cal

culation of Ba carriage on sample 7fl4 is an example. 

UNCLASSIFIED 

ClASSinCATlON CANCELIEO 
PER DOC REVIEW JAN. 1973 



/fW A ; //9-a- &-nf -e. /* 

~f^ 

- 12 -
From plot 

10. '^ 41 »'"820 s -91.5 

/? K» counts /min. 

/Q y ^ hours 

intercept b = 5820 

-91.5 = .0159803^ - .0172CLa 

5820 ^ .05203^ -t C ^ 

solving simultaneously 

8.6 = .01688 Gg^ • 

^Rn » 8.6 s 509 Ba counts/min. 
^^ .01688 

La counts/«. 1.151 C„ (at equilibrium) /mm. ^ Ba ^ -̂  

Count on standard »6028 

1.151 Ba -h .052 Ba » 6028 

1.203 Ba » 6028 

Ba = 5010 in original 

5fo Ba carriage - 509 x 100 =10.15% 
5010 

}.:ethod II 

% Ba carriage = C 2 - C ] _ e - A ^ ^ 

Co (e --*,̂ »;(fi- ̂ , t_^ ^Aj^ 

In this method successive counts are taken after separation. 

Usually a count on the sample was taken every day for a week or two. 

Only two counts on the sample are needed for the calculation. C2 

is the latest or smallest count and Cj_ is earliest or largest count. 

Co is the standard corrected to the time of C2. CLASSIRCATION CANCELLED 

PER DOC REVIEW JAN. 1973 
A^s-La decay cons tan t 

A s Ba decay cons tan t 
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As an example, the ca lcula t ion of Ba carr iage on #28 i s v.'orked out. 

#28 
i l % Ba carriage « c^ - ^ . e - - ^ ^ 

/ = ̂ / 2 8 8 : 2 8 / - ^ / 2 9 1 3 : 3 5 / 

= 2 9 . 1 1 hours 

/ ^ - ^ / 2 3 1 1 : 5 8 7 - ^ / 2 8 8:27/ 

= 117.15 

C2 = 888 

Ci = 1357 , 

Co = 10211 

c'\-f-^ .607 

C-K^ =.936 

e . -A ,^» s'.768 

% Ba carr iage ^ 2.5% 

As long as C2_ was taken a day or so a f t e r the separation the percent 

Ba carr iage could be approached by taking other values of C^ and C2 

but i f C^ was taken immediately a f te r the separat ion, no ver i f i ca t ion 

could be made by taking other values of C-]_ and C2. The calculat ions 

on #46 showed a veilue of 10.86% Ba carriage when C-ĵ  was taken immed

i a t e l y a f te r separation and C2 "was only 27 hours la, ter. If C-]_ i s 

taken 42 hoiirs a f t e r separat ion and C2 192 hours from the time of C]_ 

the percent carriage i s only 2.2%. The ac tua l p lo t t ing logar i th - . -

mical ly shows less than IS/o ca r r iage . Calculation of the Ba carr iage 

by both methods and by p lo t t i ng logari thmical ly show the fuming n i 

t r i c acid method to be a b e t t e r method of separation than the concen

t r a t ed hydrochloric acid method iinder the conditions s tudied. 

ClASSmCATION CANCaiEO 
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Method I I I 
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In this method the decay of the lanthanum sample is followed 

over a period of several weeks until equilibrium with the residual 

barium is reached. Vilien plotted on serai-log paper the activity de

creases with approximately the lanthanum half-life and then curves 

into another straight line ha-ving a slope for the barium half-life. 

Extrapolating this latter line to the time of the original count 

will give an activity proportional to the bariiom in the sample 

'/a Ba = extrapolated Ba activity x 100 

original La activity 

C. EXPSPJIENTS OK COUl'ITING EFFICIENCY Alv'D TESTS OF HYDROXIDE, 
FLUORIDE ANT) EXTRi\CTION L'ETHODS - Schulte 

1. Determination of Fraction of Ba Counted in an Equilibrium 
Solution 

a. La Scavenged with Fe(0H)3 

To five cc. of equilibrium solution was added 10 mg. Fe 

The solution was then made amtioniacal and centrifuged. Since the 

Fe(0H)3 should remove all the La, only Ba vrould remain in the super

natant. The supernatant was therefore diluted to 35 c c , placed in 

a counting bottle and counted periodically for 4 weeks. 

The sample was counted five times in the first 4^ hours, 

and the results obtained were plotted. By extrapolating to zero time 

the initisLl activity due to Ba was determined. The maximum activity 

was obtained after the Ba sample had grown to equilibrium. By the 

following equations the constant for Ba was determined: 

CLASSinCATION CANCELLEO 
PER DOC REVIEW JAN. 1973 
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i 
^°^^maxdimm * I^T ^ Baj x K 

= 0.73* Ba^-f 0.73 Ba^ x K 

« 0.73 Bao (Iv-K) 

•*:-at maximum 73% of Bag remains 

C o u n t i ^ t i ^ l - Bao K 

^Q^^maximum = 0.73 (1 •*• K) 
CountjLnitial ^ 

K •= 0.73 Co^nt^^tj^aj^ 
C ° ^ t j j ^ 7 0.73 X Count^3^t^^3_ 

Subst i tu t ing the r e s u l t s from t h i s experiment a value of 

5.19% i s obtained for K, the percentage of Ba counted in an e q u i l i 

brium solut ion. 

In separating La from Ba in an equilibrivmi solut ion the 

maximum yie ld obtainable i s derived from the follovjing ca lcu la t ions : 

l̂ aximum yield » 1 -H x .0519 
1.55 X K+Nx .0519 

= 1 " -0519 

1.155 -^.0519 

= 0.957 or 95.7% 

b . Fuming WO^ Method for Removing La 

Twenty-five ml. of equilibrium solut ion containing 10 mg. 

Ba and 5 mg. La was chi l led and then added to 100 ml. of cold filming 

HNOo. After the Ba(K0o)2 * 2H2O had p rec ip i t a t ed , the react ion ves

se l was centrifuged. The supernatant containing the La was poured 

off. The barium n i t r a t e was then dissolved in a minimum of warm d i s 

t i l l e d H2O and reprec ip i ta ted with cold fuming HÎ Oo. After c e n t r i -

fuging and again decanting the supernatant the barium n i t r a t e was 
dissolved in H2O, di luted to 35 cc. and placed iQ^Airtfa |[^^UWWS^Z| 

ScRP«EWiAN-»» 
UNCLASSIFIED 
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The sample was then counted periodically as described under "A". 

A value of 5.64% was obtained by this separation method. 

The lower value of 5.19% obtained under "A" is probably 

more accurate, and consequently has been used as the percent barium 

counted in an equilibrium solution. 

2. Separation of Ba and La by Precipitation with NHiOH 

a. Single Precipitation Using Only La 

Four runs were carried out using different Ba/La ratios 

to determine percent yield and Ba carriage. \ 

To an aqueous solution of Ba and La containing one cc. of 

equilibrium mixture (9 cc. total) v;as added 3 cc. cone. KH.OH. The 

reaction mixture was agitated thoroughly and centrifuged follov.'ed by 

two rinses with thorough agitation. All supernatants v;ere combined 

and diluted to 35 cc. with HGl for counting. The final precipitate 

of La was dissolved in KCl, diluted for counting and saved for decay 

studies. 

In these experiments the Ba/La ratios were as follovfs: 

1; 4; 10 and 20. The percent La recovery varied from 95-100/"̂  by this 

method, and the Ba carriage was much less than 0.1%. 

Barium carriage is determined by allov/ing the sample to 

decay for at least three weeks. The sample is counted once a day 

during this period. V<hen the decay line levels off and assumes the 

slope of the Ba decay line, it is extrapolated back to "last separa

tion time" on semi-log graph paper. Then: 

Ba carriage » extrapolated count x 100 ncCinrJVTlON CANCEi-LtU 
total counts at separationT 
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b. Single Precipitation Using La and Impurities 

Since the lanthanum hydroxide precipitate is too bulky to 

package as a source, several different reagents were tried after 

the separation step to reduce this volume. Typical impurities were 

added in these experiments to determine their effect on the volume 

of the final precipitate-"-. In this way several interesting points 

were brought to light. The Ba carriage was found to vary from 0.08% 

to 2.4% when the Ba/La ratio was 40 and when impurities were present, 

lishereas when only La was present, the Ba carriage was practically nil 

The reagents were added directly to the hydroxide precipi

tate except with the exceptions noted in the following table. (Fig

ure IV). 
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Experiments on Metathesis of La(OH)o Ppts. 

Reagent 

5 cc. Na^PO^-

(pH-2.0) 

5 cc. 28 K HP 

0.3 cc. 3 K HClj 
then 5 cc. sat'd 
Na2C0, 

5 cc. sat'd oxalic 
acid 

0.3 cc. 2 K H^SO,; 
then 5 cc. "̂  "̂  
sat'd Ka2S0^ 

5 cc. 28% 
H^SiF^ 

Ba Carriage 

0.10% 

1.8^ 

2.4% 

1.8% 

2.3% 

0.08% 

Vol. of 
Final ppt. 

0.2 cc. 

0.1 cc. 

0.9 cc. 

0.14 cc. 

0.07 cc. 

0.07 cc. 

La Yield 
(1st step) 

95% 

Wo 

94% 

97f̂  

97% 

97% 

La Yield 
(2nd step) 

97% 

lOC^ 

88% 

97% 

74% 

9^ 

Remarks 

Necessary 
to dissolve 
ppt. in acid 
befoije add
ing reagent 

Necessary 
to dissolve 
in acid and 
then apply 
heat 

Necessary 
to heat be
fore pptn. 
begins 

•5<-Appropriate l/4 batch size contains the follovdng in 12 cc. of solution: 

5 mg. La 2.5 mg. Ni 

200 mg. Ba 0.5 mg. Sr 

8 mg. Ce 1.25 mg. Fe 

1.25 mg. Cr 
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Improvement in the present counting techniques might show 

that complete La recovery is possible by precipitation with IiIHiOH. 

The values listed in the table above for Ba carriage merely show 

the variation encountered when impurities are present; standardiza

tion of washing techniques, etc., could conceivably lower some of 

these values. 

3. Separation of Ba and La by Single Precipitation with KOH 

A series of experiments similar to those carried out with 

NH^OH (see "a") were carried out using 2 cc. of 1 N KOH and impuri- ̂  

ties representing 1/4 batch size operation with 5 mg. La present. 

Ro effort was made to use carbonate-free KOH. Data and results are 

listed in the following table: 

Ba/La Ratio La Yield Ba Carriage 

1 9S% 41> 

10 97.4% 7% 

40 97.5% 3.7% 

100 97.6% 0.8% 

The results obtained here highlight the effect of hold back car

rier on the percent of barium carried. 

A stu(^ is currently in progress to determine the effect of mak

ing a double precipitation in the hydroxide separation step for both 

KOH and IJH/̂ OH. 

4. Reduction in Volume of Hydroxide Precipitates 

It was believed that the volume of the hydroxide precipitate 

might be reduced by physical methods. 

a. The hydrated oxides of La and impurî lgggVfe>̂ -̂ ri:piMnp|̂ |̂ pp 

with an infra red lamp. The product resulting frĉ ith6@V)|î flE])biJAN. 29l3. 
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was not restricted to a defined area and v;as therefore not satis

factory. 

b. "Spin Dry" 

Lanthanum and impurities in a typical solution were preci

pitated with ammonia and centrifuged; the supernatant was then de

canted. The centrifuge tube used here had one-half inch of coarse 

sintered glass in the lower end; the bottom was open. It was hoped 

that the excess iiater would be forced out the bottom when the tube 

vra.s centrifuged at high speeds. Unfortunately the gelatinous preci

pitate formed a tightly packed layer on the sintered glass, thus pre

venting any water from being forced out the bottom. 

This method was not applicable vd.th LaFo, but a very com

pact dry product is possible when a granular precipitate such as lan

thanum oxalate is used. 

5. Solvent Extraction 

a. Effect of KaCl Concentration on TTA 

Since the hot run with Tl'A at Bayo and others obtained on 

tracer scale experiments have given poor yields, it was believed that 

this might be attributed to NaCl in the aqueous phase. This study 

was therefore carried out to determine the effect of salt concentra

tion on TTA. . • 

One hundred cc. of benzene, 0.1 H in TTA, vra.s used to ex

tract the La from 10 cc. Ba-La equilibrium solution. The separation 

was accomplished by agitating the two phases vigorously in a cylin

drical chamber having a porous sintered disk in the bottom. At the 

end of the agitation period the aqueous phase was drained out the bot

tom and assayed for activity. Calculations were 2i(jy\^nGAIlQN CANCELLED 
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% yield - Soup-Ba 

Soup 

0.957 

Experiments were then carried out in which the salt con

centration in the aqueous phase was varied. In the following table 

are found data and results pertinent to this series of runs. 

NaCl Concentration Percent Yield 

-.^0.001 M 95.3 - 100 

0.01 M 99.3 

0.10 M 96.3 1 

1.0 M 94.5 

3.2 M 22, 50, 54, 55.& 

From these results it is concluded that the efficacy of 

TTA in separating La from Ba is seriously impaired only at NaCl 

concentrations above one molar. 

b. Effect of Radiation on TTA-Benzene 

The TTA-benzene solution which had been used in the hot 

run at Bayo had turned dark red during the operation. This solution 

was treated repeatedly with 0.1 K HCl to remove the activity. 

Two tracer scale runs were then made with this solvent to 

determine whether the irradiation received at Bayo had deccmposed 

the TTA enough to render it ineffective in separating La from Ba. 

The yields obtained in these experiments were both vir

tually 100%. 

Subsecjuent preliminary experiments indicated that the red 

coloration of the TTA could be caused by a highly colored TTA-iron 

complex. There is usually a small auantitv of iron remaining in the 

CLASSinCATION CANCELLED 
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probably not damaged by the irradiation received at Bayo. 

6. Behavior of Ba in an HF-HNÔ ^ System 

By maintaining the proper HF and HNOo concentrations, Leary 

found that the La could be precipitated as the fluoride leaving the 

BaF2 in solution. 

A more detailed study was then carried out to determine the 

limitations of this process. 

Several runs were made in which the Ba v;as varied from 20-200 

mg. in about 13 cc. Enough 14 N HF v<as added to give 15 cc. of solu-̂  

tion 4 N in KF. These reactions were carried out in lusteroid tubes, 

and agitation was provided by a metal stirring rod coated with DeKhot-

insky cement. Concentrated HNOo was added in small increments until 

the BaF2 dissolved and continued until the formation of Ba(N0o)2. 2H2O 

was observed. 

The data obtained in these experiments are found in the follow

ing table, and are plotted in Figure V. 

Mg. of Ba Used 

20 

40 

60 

80 

100 

i/,n 

160 

170 

200 

N of HNO3 vihen 
BaFg dissolved 

0.88 

0.89 

0.96 

0.92 

0.88 

1.05 

1.16 

1.21 

Prec ip i ta te prej 

N of ffli03 when 
Ba(N03)2-2H20 
formed 

Ko ppt. v i s i b 
le a t 4.93 H 

3.26 

2.64 

2.01 

1.96 

1.54 

1.25 

1.27 

sent a t a l l times 

N of HF when 
BaF2 d i s 
solved 

5.2 

5.7 

5.7 

4.8 

4.7 

4.7 

4.7 
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N of HP 
vAien Ba(N0o)2-
2H2O formed 

No ppt v i s i 
ble a t 3.8 N 

4.8 

5.0 

4.4 

4.4 

4.6 

4.6 

ION CANCELLED 
[VIEW 'JAN. 1973 

UNCLASSIFIED 



NO. 3S911. lOxlOtotht inch, 5th llnMKCtntMi. 
Engrivlnf, 7 X 10 In. 

MADt IN U. 1 . A. 

N HNO^ 

cUFPCL & esscR CO. 

\\m\ ¥.0 


